Three Iron Age cremation graves from south-eastern Estonia and four graves including cremations as well inhumations from western Estonia were analysed by osteological and palaeodemographic methods in order to estimate the age and sex composition of burial sites, and to propose some possible demographic figures and models for living communities.
INTRODUCTION
Inhumation and cremation burials were both common in Iron Age Estonia; however, the pattern which burials were prevalent has regional as well temporal peculiarities. In Estonia, cremation burials appear in the Late Bronze Age (1100-500 BC), for example, in stone-cist graves and ship graves, although inhumation is still characteristic of the period [28, 18] . Cremation burials have occasionally been found beneath the Late Bronze Age cists and the Early Iron Age (500 BC-450 AD) tarand graves [30, 28] . In south-eastern Estonia, including Setumaa, the tradition to bury cremated human remains in pit graves also appeared in the Bronze Age and lasted during the Pre-Roman period (500 BC-50 AD) and the Roman Iron Age (50-450 AD), and even up to the medieval times [30, 23, 33, 9] . During the Early Iron Age, cremations appear in cairn graves and have occasionally been found in many Pre-Roman early tarand graves where they appear with inhumations [27, 28, 19, 20, 21, 22, 24] . In Roman Iron Age tarand graves, cremation as well inhumation were practiced [28, 36, 37] ; however, cremation was the prevailing burial practice during the Roman Iron Age, for example, in tarand graves in south-eastern Estonia [30, 28] . Roman Iron Age (50 AD-450 AD) burial sites have not been found in continental west Estonia [28, 38] ). At the beginning of the Middle Iron Age (450-800 AD), burial sites, for example stone graves without a formal structure, like Maidla I, Lihula and Ehmja 'Varetemägi' , appear in Läänemaa, west Estonia; in these graves cremations as well inhumations have been found [39, 48] . Like underground cremation burial, the stone grave without a formal structure was the most common grave type during the Late Iron Age (800-1200 AD) in west Estonia [39, 35, 48] . In south-eastern and eastern Estonia, sand barrows with cremation burials appeared at the beginning of the Middle Iron Age. Cremation barrows are attributed to the Culture of Long Barrows and are most numerous in the villages Laossina and Rõsna in northern Setomaa, on the western shore of Lake Peipsi [8, 48] . Apparently during the Iron Age, the practiced burial customs varied in Estonia.
However, cremation, inhumation or mixed and fragmentary bone material from graves, we have scarce data on the communities who used these graves. In the present paper, the results of osteological and demographic analyses of seven skeletal samples are presented: Poanse I and II tarand graves from the Early Iron Age, Maidla I stone-grave and Rõsna sand-barrow cemeteries from the Middle Iron Age and Maidla II stone-grave from the Late Iron Age. Th e aim of this paper was to estimate the number of burials in seven Estonian Iron Age graves, to assess the biological age at death and the sex of the deceased in order to get some demographic fi gures for these past populations and to model the size of living communities who used these graves during the Iron Age.
MATERIAL AND METHODS
Th e material comes from Pre-Roman (500BC-50AD), Middle (450-800 AD) and Late Iron Age (800-1250 AD) graves.
Poanse tarand graves with inhumation burials at West Estonia were excavated by Mati Mandel in the 1970s [38] and were dated to the Early Iron Age. Poanse I tarand grave was established in the middle of the Pre-Roman Iron Age, the archaeologically estimated time-span when grave was in use is approximately 250BC-50AD. Poanse II tarand grave was established somewhat later, at the end of the Pre-Roman Iron Age, and the time-span when grave was in use is shorter, approximately 150 years [27, 28] . Human skeletal remains from Poanse tarand graves were osteologically analysed by Jonathan Kalman [22] .
Th e stone graves of Maidla I (5 th -6 th centuries AD, Middle Iron Age) and Maidla II (10 th -13 th centuries AD, Late Iron Age) were excavated by Mati Mandel between 1983 Mandel between and 1985 Mandel between , and between 1987 Mandel between and 1990 ; the graves contained inhumation as well as cremation burials [39] . Th e human skeletal remains from these graves were osteologically analysed by the author; the radio carbon dates of the cremated and inhumated bones from these graves confi rm the archaeochronological datings [1, 2, 3, 4, 5, 7] .
Suure-Rõsna, Rõsna-Saare I and II sand-barrow cemeteries with cremation burials from the second half of the 1 st millennium AD were excavated by Mare Aun during the 1980s. Rõsna-Saare I cemetery consisted of ten barrows, Rõsna-Saare II cemetery of eleven barrows and Suure-Rõsna of ten barrows, six of which were excavated [8] . Th e cremated bones from these graves were osteologically analysed by the author. Th e samples of the cremated bones were radiocarbon dated in order to specify the time-span when the grave was in use. Th e results of these analyses were in accordance with archaeochronological datings but indicated the possible earlier establishment of these burial sites [4, 5, 6, 7] .
In order to estimate the minimum number of individuals in a grave, numerous diff erent recurrent bone fragments were recorded; however, the pars petrosa of os temporale as the most frequently found element was the best unit for calculating the MNI. Th e plausible number of individuals (PNI) was estimated on the basis of fragments (20 or more) of the cranial vault combined with at least one determined fragment of the human skeleton. Th e cranium was preferred because the fragments are easily determinable amongst cremated bones, and most likely full corpses were cremated. To estimate the PNI minimum number of burials, distances between bone units, their colour, the bone morphology indicating the age and sex of the buried individuals, and other archaeological/ osteological information was taken into account.
Th e sex and age at the death of the deceased were determined according to common osteological standards [10, 13, 14, 15, 40, 50] . No archaeological gender assessments were available during biological sex and age assessment.
To assess the biological sex of the cremated adult individuals, the morphological traits of the occipital bones (external occipital protuberance, nuchal lines), the temporal bones (mastoid process, temporal line, zygomatic process), the frontal bones (superciliary ridge, supraorbital margin, temporal ridge, glabella), the zygomatic bones (frontal process), and the mandible (condylar process, mandibular ramus and angle, mental tubercules and protuberance) were used. In some cases, morphological traits on the post-cranial skeleton (for example muscle attachment areas of the long bones) were used as additional criteria; general robustness of skeletal elements was also observed.
To assess the age of the cremated individuals at death, the suture closure of cranial bones, the union of epiphyses and dental development were used. If applicable, other criteria were used to estimate or specify the age at death: the morphology of the cranial vault [45] and the morphology of tooth rootsthe roots of older individuals become more rounded due to the deposition of cementum -hypercementosis is quite common in older individuals [46, 52] , which can also add data to attempts to determine the age. Age-related pathologies on cremated bones, for example osteoarthritis or osteophytosis on vertebrae or anywhere on skeletal elements, were also used. Th e assessment of the age of sub-adults is more reliable due to stages of epiphyseal fusion and dental development. Th e osteological age and sex assessments are conducted by the author, except for Pre-Roman Poanse skeletal samples, which were assessed by Jonathan Kalman [22] .
Demographic estimations were performed using several methods. In our model, we assume that the population is stationary and that birth and death rates are equal (growth = 0). Th e reason is that the Estonian populations under study were all too small-scale to model positive or negative natural increase.
Firstly, the method of life tables proposed by G. Acsádi and J. Nemeskéri [52] was used to estimate the life expectancy at birth (e 0 0 ). Here, the natural data received from skeletal samples were used.
Secondly, the life tables were corrected according to F. W. Rösing and R. Jankauskas [43] , where the proportion of small children (0-4 years) in the population was increased to 45% of the total skeletal population under study. Th is means that 45% of the population died before they reached the age of 5.
J. P. Bocquet and C. L. Masset [11, 12] established the third model used here to estimate the demographic fi gures of past populations. Th e ratio of sub-adults to adults or the juvenility index was also calculated for every population under study.
Th e newborn life expectancy, crude death rate (1/e 0 0 ) and the size of living populations were calculated according to all the three models. In these models we assume that the population is stationary, i.e. birth and death rates are equal (growth = 0).
Th en, the fertility rate and the number of female off spring born per woman (GRR) was estimated from the juvenility indices of Boquet-Appel and Masset [12] and calibrated from R. McCaa [15, 16] , and then the total number of offspring per woman (TFR) was calculated: GRR×2.05=TFR.
Th e size of the living population was calculated according to the formula proposed by D. Ubelaker [49] .
RESULTS AND DISCUSSION
Th e number of buried individuals in graves varies from 20 to 74 − not very big cemeteries in the number of identifi ed burials (Table 1) . Th e sex and age assessment oft en failed due to the character of the bone material which mostly consisted of cremated or/and fragmented human bones. However, the age structures of the burial sites under study show quite a representative proportion of subadults, from 29.7-45.7% of the total number of burials (Table 1) . Th e masculinity indices show acceptable variation, probably referring to normal burial sites. Th e exceptions are Poanse graves; the fi rst grave shows a higher number of female individuals, and in the second one the number of identifi ed male burials exceeds females twice. Th e demographic characteristics of seven Estonian graves under study are presented in Table 1 ; life tables with raw and corrected data are not presented here because they have been published earlier [7] .
Newborn life expectancy, calculated according to non-corrected life tables (raw data), indicates the highest values for graves and points to relatively low mortality. Th e data, corrected according to Rösing and Jankauskas [43] , in which the proportion of infants and small children (0-4 years) is increased to 45% of the total number of individuals, show lower and probably more reliable values for new-born life expectancy (Table 1) . Th e model based on the juvenile ratio/index [11, 12] Th e Maidla stone graves show higher variability in juvenility indices and new-born life expectancy (Table 1) . Th e Maidla I grave indicates a very high crude death rate (92.1‰) and extremely low new-born life expectancy (e 0 0 =10.9) -conditions under which a community is hardly sustainable. For the Maidla II grave the mortality rate is the lowest (38.9‰) and life expectancy at birth (e 0 0 =25.7) the highest in comparison with other communities under study.
Th e tarand graves of Poanse show similar fi gures with Maidla I stone grave -the crude death rate is very high, and life expectancy at birth is very low (Table 1) . Th ese unexpectedly high death rates could indicate that the model based on juvenility indices is not suitable for these communities. Th ere could be many reasons, for example that this indicator responds to changes in the rates of population growth, changing the structure by age in the direction of categories of younger age, and therefore raising the rate of infantile deaths [41] .
We should also bear in mind that Maidla I is a very small grave (only 20 burials), and that in Maidla II grave the older children (over 5 years) could also be under-represented as well as infants, as only two cremations of sub-adults were detected in the grave [1] . It is well known that the number of children dying in the age category of 5-14 years is sensitive to variation in population growth. Th e high juvenility index could indicate a stationary population with low life expectancy at birth, but it could also indicate an expanding population [44] . High juvenility indices of Poanse and Maidla I graves could indicate either option, but most likely they indicate a stationary population as we are dealing with burial sites of single families or households here [1, 5, 17, 22 ; also see below] * sex and age assessments from Kalman [22] Th e received GRR and TFR fertility rates are presented in Table 1 . According to the juvenility indices model, the lowest number of off spring is characteristic of women of Late Iron Age Maidla, and the highest of Maidla I (Middle Iron Age) and Poanse I (Early Iron Age) communities. Th e number of offspring increases with mortality as expected, because higher infant mortality reduces the birth interval. When a nursing child dies, the natural sterility due to the lactation period is interrupted and conception happens earlier [51] . Human reproductive strategies may change under the infl uence or interaction of several economic, social and biological factors. Fertility may increase, for example, during war, famine and drought, although the mortality rate is high at the same time. Th is phenomenon is observable in the material studied: low new-born life expectancy is related to a higher number of off spring.
To model the size of the living population, life expectancy at birth and the estimated time period of grave usage are the crucial variables. Th e estimated time period is usually given by the archaeologist according to the chronology of the artefacts in the grave. If the time period is not estimated, we can model the size of the living population for diff erent time periods of grave use (Table  2) . Th e main model, discussed below, is based on life expectancy derived from juvenility indices, and the average grave usage period is 150 years. According to this model, communities of 3-14 people were most likely to exploit the burial grounds. In most cases, it corresponds to one family or household. In comparison with other graves, Maidla II stone grave in western Estonia and Rõsna-Saare I barrow cemetery in south-eastern Estonia could have been used by a somewhat larger community, which may mean an extended family, a larger household, or usage by two nuclear families.
Commonly, the archaeologist estimates the length of the time-period when the grave was in use.
Maidla I stone grave in west Estonia was probably established at the end of the Roman Iron Age or at the beginning of the Middle Iron Age [38] ; the time period of grave use has not been estimated for Maidla I stone-grave. One family at most used the grave, and the crude death rate was very high (e 0 0 =10.9, derived from the juvenility index). Th is means that the community was probably not sustainable and perhaps inhabited the site for a short period only.
Th e same pattern characterises the Pre-Roman Iron Age tarand graves at Poanse. New-born life expectancies (derived from juvenility indices) are also very low here, at 10.8 and 14.4 years (Tables 1, 2) . Valter Lang [26] has estimated the time period of grave use at Poanse I to have been 200-300 years and at Poanse II 150 years. Based on these estimations, the size of the living community who used Poanse I grave is 2 individuals and for Poanse II grave 3 individuals (Table 2) . It is possible that our assumptions on the time-span of the grave usage periods are overestimated, mostly likely the graves at Poanse were used for a shorter period. Our idea that graves, especially tarand graves, were used for several centuries could be somewhat overestimated. For example, if we diminish the time span of grave use for Poanse I from 250 to 100 years and for Poanse II from 150 to 50 years, and use the new-born life expectancy derived from the juvenility index (e 0 0 =10.8; e 0 0 =14.4 years), we get another reality ( Table 2) . Th e size of the community for Poanse I grave is 5, and for Poanse II, it is 10. During the Late Iron Age, a community of 7-10 individuals used the second Maidla grave in western Estonia -probably one family or household [3] . Th e estimated family size is in accordance with the earlier results of various authors on the average size of the Estonian family in the 13 th century and later periods [31, 42, 47] . M. Mägi [34] has argued that, for example, stone graves on Saaremaa island belonged to just one or two elite families.
Th e present study (grave was used for ~ 250 years) also suggests that probably one family or household (~ 8 individuals) had its own burial ground at Maidla during the 10 th -13 th centuries. Th e results of osteological analysis of remains from the Middle Iron Age sand barrow cemeteries at Rõsna (south-eastern Estonia) indicate the same pattern -one family or household used one barrow cemetery. Th e assumptions on community size based on the archeologically determined number of burials (Rõsna-Saare I and Rõsna-Saare II) and a mortality rate of 40‰ show similar results -barrow cemeteries should be regarded as the burial places of a single family, or at least a small group of people [29, 32] . Similar results have been obtained from Iron Age east Lithuania: community sizes of 5-15 individuals usually buried their dead in one barrow cemetery. Th is number of indi viduals corresponds to a group of people of the size of an average nuclear family over several generations [29] . Th e models also suggest that, in comparison with other barrow cemeteries at Rõsna village, the Rõsna-Saare I cemetery might have been used by a somewhat larger household or extended family, or was used for a somewhat longer period. Th e calculated size of the living population is sensitive to the estimated time of grave use -according to these models, if the time span diminishes, the size of the calculated population will be larger ( Table 2) .
